
GPO PRICE $ 

OTS PRICE(S1 $ 

Hard copy (HC) /-. kJ 
Microfiche (MF) e 

c 

-11- 

ICATEQORY) 

THE OHIO STATE UNIVERSITY 
RESEARCH FOUNDATION 

Columbus , Ohio 
~ I 



IC 

i 

e.' . . . 

\ 

NOTICES 

When Government drawings, specifications, o r  other data a r e  u+d 
f o r  any purpose other than i n  connection with a definitely related Gov- 
ernment procurement operation, the United States Government thereby 
incurs no responsibility nor any obligation whatsoever, and the fact that 
the Government may have formulated, furnished, or i n  a w w a y  supplied 
the said drawings, specifications, o r  other data, is no; to be  regarded by 
implication or  otherwise as in any manner licensing the holder o r  any 
other person o r  corporation, or  conveying any rights o r  permission to 
manufacture, use, o r  sell any patented invention that may in any way be 
related thereto. 

The Government has  the right to reproduce, use, and distributethis 
report for  governmental purposes in accordance with the contract under 
which the report was produced. To protect the proprietary interests of 
the contractor and to avoid jeopardy of its obligations to the Government, 
the report may not be released for  non-governmental use such as might 
constitute general publication without the express pr ior  consent of The 

'Q 
Ohio State University Research Foundation. I- , 

Qualified requesters may obtain copies of this report f rom the 
Defense Documentation Center, Cameron Station, Alexandria, Virginia. 
Department of Defense contractors must be  established for  DDC serv-  
ices ,  or have their "need-Do-know" certified by the cognizant military 
agency of their project o r  contract. 
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A TECHNICAL MEMORANDUM O N  THE E F F E C T  O F  TAPER 
ANGLE VARIATION ON THE SUBMILLIMETER, 
FAR -INFRARED TRANSMISSION EFFICIENCY 

O F  LINEARLY TAPERED LIGHT PIPES 

Speculation regarding the effect  of taper  angle  var ia t ion on 
the t ransmiss ion  efficiency, in the submil l imeter  f a r - i n f r a r e d ,  
of tapered  light pipes prompted the following experiment .  
purpose was  to  determine empir ical ly  the magnitude of t r a n s m i s  - 
sion change with t a p e r  angle ,  thus establishing the significance of 
th i s  factor  in light pipe design. The procedures  used  and the data 
taken a r e  admittedly crude but it is believed to be concre te  enough 

I t s  

t o  re legate  light pipe taper  angle var ia t ion effects t o  the 
the second o r  higher o r d e r .  

The apparatus  f o r  the experiment consis ted of the following: 

(1)  A s t a in l e s s  s tee l  tube 2 3  inches long and 11/16 inch 
in  d i ame te r ,  polished along the en t i r e  inner  sur face .  

( 2 )  Six l inear ly  tapered  b r a s s  sect ions (having "slip fi ts" 
in  the s t a in l e s s  s t ee l  tube) ,  a l l  with l a r g e  d i ame te r s  
of 11/16 inch and small exi t  d i ame te r s  of 5/32 inch, 
numbEred according to length, and polished through- 
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Number 
1 
2 
3 
4 ::: 
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Length (inches) 
3 

4 

5 
6 

3+ 

4; 

,a,s. Golay detector  .l 
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"'These sect ions w e r e  made by a different machinis t .  

Black polyethylene and c rys t a l  quartz  w e r e  used a s  f i l t e r s  on 
the Golay ce l l .  
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(4) A Barnes  Engineering blackbody source .  

The equipment a r r angemen t  was a s  shown below. The basic  idea in 

B L A C K  
LIGHT PIPE 

C 

TAPERED 
S E C T I O N  ( Not t o  s c a l e )  13 CYCLE 

CHOPPER 

making measu remen t s  was to r e c o r d  the differences in  re la t ive 
t ransmiss ion  through the light pipe-taper combination f o r  the s ix  
different  t a p e r s ,  while maintaining a constant overa l l  length. To 
this end the distances c ( 2 1 / 1 6  in.)  and d (21 /2  in . )  w e r e  held con- 
s tant  f o r  all measu remen t s .  Throughout the exper iment  the 
blackbody was se t  at 50°C. The t ransmiss ion  data taken was  r e -  
corded  on an  a r b i t r a r y  sca l e  running f r o m  ze ro  to ten and will be 
given unitles s . 

With no taper  present  and the Golay cel l  at c t d f r o m  the end 
of the pipe, the relat ive t ransmiss ion  was  4.9. 
made with the t ape r s :  ascending, descending, ascending and descending i n  
o r d e r .  The data obtained a r e  presented below. 

F o u r  runs w e r e  

Tape r  
Number 

1 
2 
3 
4 
5 
6 

Angle 
(deg) 
2 .5  
3.0 
3.4 
3.8 
4.3 
5.1 

Relative T r a n s m i s  s ion 
Runs Avg 

1 2 3 4 
7.9 7.7 7.7 7.9 7 .8  
6.3 6.5 6.6 7.2 6,6 
7.5 7.7 7.2 8.0 7.6 
7.3 7.0 7.3 7 "  4 7 .2  
7.3 7.1 7.8 7.5 7.4 
7,6 7.7 7.8 8.2 7.8 

The est imated deviation in  d was  1, '64  inch. 
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F r o m  these data there  a r e  seve ra l  observat ions and  points to be 
made and noted. 
points in two direct ions.  F i r s t  is the alignment and realignment 
problem,  which was a consequence of taper  exchange. This un- 
doubtedly introduced a randomly dis t r ibuted e r r o r  o 
because of the time required to maximize  t r ansmiss ion  (a r e su l t  
of alignment difficulties) the dr i f t  of the Golay detector  mus t  be 
considered as a contributing e r r o r  source .  To  be  noted in ad-  
dition is the consistently low ( r e l a t ive  to t a p e r s  1 ,  3 ,  5, and 6) 
t r ansmiss ion  of t a p e r s  2 and 3. 

The inconsistency in the data f r o m  run  to run 

Secondly, 

The conclusions which have been drawn f r o m  these  r e su l t s  
a r e  as follows: 

( 1 )  A t apered  light pipe is definitely m o r e  efficient 
in  the submil l imeter  than a non-tapered pipe, 
as indicated by the non-tapered t r ansmiss ion  of 
4.9 and the tapered ave rage  t r ansmiss ion  of 7.4. 3 

( 2 )  The angle of taper  on a tapered  light pipe fo r  the 
submil l imeter  is relatively unimportant f o r  mos t  
present-day applications, especially when it  is 
noted that non-observable differences in f ab r i -  
cation c r e a t e  g r e a t e r  t ransmiss ion  changes.  

'Di rec t  comparison of t ransmiss ions  4.9 and 7.4 i s  not possible 
because of gap of c t d  between Golay cel l  and the empty end of 
the light pipe. 
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